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ABSTRACT
We present a detailed study of new Australia Telescope Compact Array (ATCA)
and XMM-Newton observations of LHA120–N 70 (hereafter N 70), a spherically shaped
object in the Large Magellanic Cloud (LMC) classified as a superbubble (SB). Both
archival and new observations were used to produce high quality radio-continuum, X-ray
and optical images. The radio spectral index of N 70 is estimated to be α=–0.12±0.06
indicating that while a supernova or supernovae have occurred in the region at some
time in the distant past, N 70 is not the remnant of a single specific supernova. N 70
exhibits limited polarisation with a maximum fractional polarisation of 9% in a small
area of the north west limb. We estimate the size of N 70 to have a diameter of 104 pc
(±1 pc). The morphology of N 70 in X-rays closely follows that in radio and optical, with
most X-ray emission confined within the bright shell seen at longer wavelengths. Purely
thermal models adequately fit the soft X-ray spectrum which lacks harder emission
(above 1 keV). We also examine the pressure output of N 70 where the values for the hot
(PX) and warm (PH ii) phase are consistent with other studied H ii regions. However,
the dust-processed radiation pressure (PIR) is significantly smaller than in any other
object studied in Lopez et al. (2013). N 70 is a very complex region that is likely to
have had multiple factors contributing to both the origin and evolution of the entire
region.
Subject headings: ISM: bubbles – ISM: supernova remnants – ISM: individual objects
(N 70) – radio continuum: ISM – X-rays: ISM – galaxies: individual (LMC) – polariza-
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1. Introduction
The Large Magellanic Cloud (LMC), located at a distance of 50 kpc (Pietrzyn´ski et al. 2013), is
one of the best galaxies in which to study objects such as (super)bubbles, H ii regions and supernova
remnants (SNRs), due to its favourable position in the direction toward the South Ecliptic Pole.
As well as its viewing position, the LMC is also located in one of the coldest areas of the radio
sky, which allows us to observe radio emission without the interruption from Galactic foreground
radiation. In addition to this, the LMC resides outside of the Galactic Plane and therefore the
influence of dust, gas and stars is negligible.
A well-known characteristic of SNRs in the radio-continuum is the predominance of non-
thermal emission. Although SNRs have a typical radio spectral index of α ∼ −0.5 (defined by
S ∝ να) indicating a non-thermal emission, this can significantly change due to environment the
SNR evolves in (Filipovic´ et al. 1998a).
A bubble structure can be created by the stellar wind emanating from a massive O or B
type star. This stellar wind collides with the surrounding interstellar medium (ISM) producing
a hollowed out structure with a shock front, leading to a shell like nebula (Weaver et al. 1977).
This bubble may become bigger and more complex with the combined stellar wind from multiple
stars in a cluster. As the most massive of these stars begin to explode as supernovae (SNe) the
combined effect produces a (super)bubble. The effects from stellar winds and SNe become even
more complex when taking place within H i or H ii regions and where the ISM is heterogeneous
(Oey 1996a; Oey & Garc´ıa-Segura 2004).
These luminous superbubbles (SB), measuring up to 100 parsecs, blown by winds from hot
massive stars and supernova explosions, with their interior filled with hot expanding gas offer us
a chance to explore the crucial connection between the life-cycles of stars and the evolution of
galaxies.
Here, we report on new radio-continuum, X-ray and optical observations of the LMC super-
bubble (SB) called LHA120–N 70 (hereafter N 70). The observations, data reduction and imaging
techniques are described in Section 2. The astrophysical interpretation of newly obtained moderate-
resolution total intensity and polarimetric images in combination with the existing Magellanic Cloud
Emission Line Survey (MCELS) and X-ray XMM-Newton images are discussed in Section 3.
1.1. Previous studies of N 70
1.1.1. Optical
N70 was first catalogued as an emission nebula in the Magellanic Clouds by Henize (1956) while
Davies et al. (1976) listed this complex region DEML301 which also encompasses the OB associa-
tion LH114 Lucke & Hodge (1970). This stellar association (LH 114) is positioned about 1′ west of
– 3 –
the geometric centre of N 70 and in the line of sight of a known molecular cloud (Kawamura et al.
2009). It contains six O stars with an O3If the most massive of these (Zhang et al. 2014, submitted).
The first optical spectroscopy study by Danziger & Dennefeld (1976) found strong [S ii] lines rela-
tive to Hα indicative of an SNR although the electron density appeared low. Rosado et al. (1981)
and Georgelin et al. (1983) measured the expansion velocity of N 70 to 60–70 km s−1 and concluded
that this would fit a shock model. They also suggested that N70 is most likely an ancient SNR
approximately 2.4 ×105 yr old, in the adiabatic or radiative phase of expansion and although the
central stars are contributing to the ionisation, they are not the origin of the shock. Dopita et al.
(1981) found that the spectrophotometry of N 70 is inconsistent with the emission from an ionis-
ing shock, yet the [S ii] lines were moderately strong compared to ordinary H ii regions suggesting
enhanced ionisation due to compression from stellar wind. Inglis & Kitchin (1990) used a number
of criteria such as a central star, nature of nebulosity and filament structure to define N70 as a
possible Wolf–Rayet stellar wind bubble. Oey (1996b,a) describe N70 as a high-velocity SB – an
H ii region with OB association stars found within, creating a bubble from a combination of stellar
wind and supernovae. Oey & Kennicutt (1997) conclude N70 is an H ii region with OB association
stars and that the H ii region is density–bounded rather than ionisation bounded. Danforth & Blair
(2006) detected [Ovi] in Far Ultraviolet Spectroscopic Explorer (FUSE) observations of four large
stars in N70, possibly from thermal conduction at the interface between the hot, X-ray emitting
gas from inside the bubble and the photoionised material of the outer shell seen in Hα.
1.1.2. Radio
Milne et al. (1980) performed initial radio observations of N 70 at 5 GHz and 14.7 GHz and
estimated a spectral index of α = −0.3. Dopita et al. (1981) found that unlike previous studies
declaring N 70 a non-thermal source, the radio emissions from N70 are predominantly thermal in
origin. They also found that although N70 exhibits several features that could be explained in
terms of an SNR or a mass-loss bubble, that the only model that is consistent with all observations
is that of a mass-loss bubble confined by the ram pressure of a massive, collapsing, cloud of neutral-
hydrogen. However, Mills et al. (1984) declared N 70 was likely a fossil SNR, whilst Filipovic´ et al.
(1998b) list N 70 as an H ii region Based on Parkes radio observations.
1.1.3. X-ray
Chu & Mac Low (1990) (also see Wang & Helfand (1991) and Chu (1997)) measured diffuse
X-ray emission of bubbles and SBs and concluded N70 was an SNR within a wind-blown bubble.
Slater et al. (2011) describe N70 as a SB but found no difference between H ii regions and SBs
in IR emission from dust. Rodr´ıguez-Gonza´lez et al. (2011) carried out a simulation exploring the
morphology, dynamics and thermal X-ray emission of SBs and concluded the structure of N 70 can
be explained with both stellar driven wind and a SN. Reyes-Iturbide et al. (2011) discuss the XMM-
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Newton observations and the soft X-ray emission detected within N 70 but also present an image
showing some peripheral hard X-ray emission. Most recently Zhang et al. (2014, submitted),
on top of their XMM-Newton analysis, obtained high-dispersion long-slit echelle spectroscopic
observations. They found that although N70 has a modest expansion velocity, its diffuse X-ray
emission of ∼ 6.1 × 1035 erg s−1 is higher than the luminosity from a quiescent superbubble with
N70s density, size and expansion velocity.
2. Observational Data
2.1. Radio-continuum observations
The data used in this study to produce the radio images of N 70 were gathered from the
radio interferometer Australia Telescope Compact Array (ATCA). We observed N70 on the 15th
and 16th of November 2011 with the ATCA, using the new Compact Array Broadband Backend
(CABB) receiver with the EW367 array configuration at wavelengths of 3 and 6 cm (ν=9000 and
5500 MHz). Baselines formed with the 6th ATCA antenna were omitted, as the other five antennas
were arranged in a compact configuration. The observations were carried out in the so called
“snap-shot” mode, totaling ∼70 minutes of integration over a 14 hour period. PKS B1934-638 was
used for primary calibration and PKS B0530-727 was used for secondary (phase) calibration. The
miriad Sault & Killeen (2006) and karma Gooch (1996) software packages were used for reduction
and analysis. More information on the observing procedure and other sources observed in this
session/project can be found in Bojicˇic´ et al. (2007), Crawford et al. (2008b,a, 2010), Cˇajko et al.
(2009), De Horta et al. (2012), Grondin et al. (2012), Maggi et al. (2012) and Bozzetto et al. (2010,
2012a,c,b, 2013).
In addition to our own observations, we made use of two other ATCA projects (C354 & C149)
at wavelengths of 13 & 20 cm. Observations from project C354 were taken on the 18th (array 1.5B),
22nd and 23rd (array 1.5D) of September 1994. Observations from project C149 were taken on the
22nd of March 1992 (array 6A) and the 2nd of April 1992 (array 6C).
Tables 1 and 2 summarise the data used for imaging in this paper. Table 1 includes archival
observations from 1997 as well as our new observations made in 2011. In Table 2 we list archival
data that were retrieved in the raw, uncalibrated form and were calibrated and used to produce
the 20 cm images.
Images were formed using miriads multi-frequency synthesis algorithm (Sault & Wieringa
1994) and natural weighting. They were deconvolved using the mfclean and restor algorithms
with primary beam correction applied using the linmos task. A similar procedure was used for
both U and Q Stokes parameter maps. Because of the low dynamic range self-calibration was
not attempted. The 6 cm image (Figure 1; left) has a resolution of 39′′×25′′ at PA=48◦ with an
estimated r.m.s. noise of 0.12 mJy beam−1. Similarly, we made an image of N 70 at 20 cm (Figure 1
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right) with resolution of 40′′×40′′ at PA=0◦ with an estimated r.m.s. noise of 0.85 mJy beam−1.
2.2. XMM-Newton observations
We make use of the only existing XMM-Newton observation of N 70 (ObsId: 0503680201, PI:
Rosa Williams). The 39 ks-long observation was performed on 2008-Jan-26, with N70 at the focus
point of the European Photon Imaging Camera (EPIC). The EPIC instrument comprises a pn CCD
imaging camera (Stru¨der et al. 2001) and two MOS CCD imaging cameras (Turner et al. 2001).
The “thin” optical filter was used for all three cameras, which were operated in full-frame mode.
We used the XMM-Newton SAS 1 version 12.0.1 to process the data. Periods of high background
activity were screened out from the imaging and spectral analysis. We did so by applying a threshold
of 8 and 2.5 cts ks−1 arcmin−2 on pn and MOS background light curves in the 7–15 keV energy
band. We were left with a useful exposure time of ∼ 22 ks.
We created adaptively-smoothed, vignetting-corrected, and detector-background-subtracted
images using the same method as described in Bozzetto et al. (2013). In Figure 2 we combine
XMM-Newton images in three energy bands (a soft band (0.3–0.7 keV), a medium band (0.7–
1.1 keV) and a hard band (1.1–4.2 keV)) into a composite and overlay radio (20 cm) contours.
For spectral analysis we utilised pn data only, as this camera has a higher throughput than the
MOS cameras. We extracted energy spectra from a vignetting-weighted event list. The spectrum
of N70 (“source spectrum”) was taken from a circle, whose centre and radius were as measured
in radio (at 6 cm, Sect. 3). A background spectrum was extracted from a region of similar area
located at the south-east of N 70 excluding point sources detected in this region. Spectral fitting
was performed with XSPEC (Arnaud 1996) version 12.8.0. Instead of subtracting the background
spectrum from the source spectrum, we modelled the background and simultaneously fit both
spectra. For a description of this method, as well as a detailed presentation of the instrumental
and astrophysical components of the background, we refer the reader to Bozzetto et al. (2013).
2.3. MCELS
The Magellanic Cloud Emission Line Survey (MCELS) is a survey of the two nearest galaxies,
the Small Magellanic Cloud and the LMC. The goal of the project is to trace the ionized gas in
the Magellanic Clouds using narrow-band filters (Hydrogen (Hα 6563 A˚), Sulfur ([S ii] 6724 A˚)
and Oxygen ([O iii] 5007 A˚)). The survey is a joint project of the Cerro Tololo Inter-American
Observatory (Chile) and the University of Michigan using the CTIO Curtis/Schmidt Telescope.
The detector used was a thinned, back-side illuminated Tek 2048×2048 CCD with 24 micron
1Science Analysis Software, http://xmm.esac.esa.int/sas/
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pixels, giving a 1.35◦ field of view at a scale of 2.4′′ pixel−1 with a resulting angular resolution
of approximately 4.6′′. Two slightly offset images were obtained through each filter to allow for
cosmic ray rejection and bad pixel replacement. The total integration times were 1200 s in the
[O iii] and [S ii] images and 600 s in the Hα images per field. The data were reduced using a
modified version of the Essence/SuperMaCHO pipeline for overscan correction, bias subtraction,
and flat-field correction. Final astrometric solutions were derived using the IRAF software “ccfind”
and “ccmap” using the UCAC catalog. At this time, the images were re-sampled to have 2′′ × 2′′
pixels with an rms error of approximately 0.1 pixel (0.2′′). The individual frames for each field were
then aligned using the astrometric solutions and multiple exposures in each filter were combined
using a median filter. Further details regarding the MCELS are given by Smith et al. (2006),
Pellegrini et al. (2012) and at http://www.ctio.noao.edu/mcels. Here, for the first time, we present
optical images (Figures 3 and 4) of this object in combination with our new radio-continuum and
X-ray data.
3. Results and Discussion
3.1. Radio-continuum
N70 has a roughly circular morphology centered at RA(J2000)=5h43m22.s9, Dec(J2000)=–67◦50′57′′
with a measured diameter at 6 cm of 104±1 pc. The diameter was determined using the karma
tool kpvslice to estimate the extension of N 70 at 6 cm at the 3σ noise level (∼1 mJy). Overall,
the optical and radio-continuum emissions follow each other.
In order to estimate the radio spectral energy distribution for this object, we used our new
integrated flux density measurements at various radio frequencies along with the 408 MHz measure-
ment from Dopita et al. (1981), as well as various Parkes and other ATCA estimates (Filipovic´ et al.
1995, 1996, 1998a; Hughes et al. 2006, 2007; Filipovic´ et al. 2009). We list these flux density mea-
surements at various frequencies in Table 3 and then plot the N70 spectral index α in Figure 5.
The overall radio-continuum spectral index of N 70 is flat (α=–0.12±0.06).
The linear polarisation images for each frequency were created using Q and U parameters.
The 6 cm image reveals some moderate linear polarisation with a mean fractional polarisation of
8.8% ±1.1% (no reliable detection could be made at 3 cm) in a small area of the north west limb
(Figure 6). This linear polarisation and the moderate X-ray emission enhancement in the vicinity is
indicative of an SN having occurred close to the superbubble shell within 104 years (Chu & Mac Low
1990). This SN would certainly have provided chemical enrichment of the nebulous material. It
would also contribute, in some way, to the overall energy that has shaped this area but the exact
influence of the SN on current N 70 structure is difficult to establish. N 70 exhibits properties of
an H ii region but the [S ii] to Hα ratio on the eastern side is higher than would be expected for a
classic H ii region (Figures 3 and 4). The young stellar objects found in the cluster of stars within
N70 are not massive enough to be wholly responsible for the bubble-like structure, even though
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they are certainly contributing to the energy within the structure (Zhang et al. 2014, submitted).
3.2. X-ray
The majority of the X-ray emission appears to be in the softest (0.3–0.7 keV) energy band
(Figure 7). To search for harder X-ray emission associated with N 70 we created images in the
2–12 keV band, subtracted detector background and applied vignetting corrections as for the softer
bands. In particular, subtraction of detector background is important as it dominates at high
energies. We carefully inspected our images but find no evidence for diffuse emission above 2 keV
as implied in Reyes-Iturbide et al. (2011). The morphology in X-rays closely follows that in radio
and optical, with most X-ray emission confined within the bright shell seen at longer wavelengths.
A small deviation from circular morphology is observed towards the east of the SB, with fainter
X-ray emission extending beyond the (broken) radio shell. There, it also correlates with fainter
Hα emission. We note that this is reminiscent of the “blister” morphological classification exam-
ined in details by Pellegrini et al. (2012). They use ionisation-parameter mapping, looking at the
[S ii]/[O iii] ratio obtained from MCELS data to estimate the optical depth of H ii regions. They
found a region optically thick on the east and thin on the west. This points to different condi-
tions between the two directions. We also note that the impact of the hot gas leakage and blisters
development on the shell dynamics has been recently discussed by Pittard (2013).
In addition, the X-ray surface brightness is slightly enhanced on the west, where the optical
emission inside the shell is also increased. Radio emission at this position, correlating with the
small molecular cloud seen in Nanten CO (1-0) emission (Fukui et al. 2008; Kawamura et al. 2009)
(Figure 8), indicates interaction with higher densities, probably explaining the X-ray enhancement.
The X-ray spectrum of N70 is shown in Figure 7, on top of the modelled background. To fit
the source spectrum we used a single-temperature model assuming collisional ionisation equilibrium
(CIE). This utilises the Astrophysical Plasma Emission Code (APEC) in its most recent version
available (v2.0.2), which includes updated atomic data (Foster et al. 2012). Possible effects of
non-equilibrium ionisation (NEI) were also investigated by trying a plane-parallel shock model
(Borkowski et al. 2001, vpshock in XSPEC).
We accounted for Galactic foreground absorption towards N70 by a photoelectric absorption
model (phabs in XSPEC) at solar metallicity, with cross-sections taken from Balucinska-Church & McCammon
(1992). The foreground column density was fixed at NH = 6.3× 10
20 cm−2 (based on the H i
measurement of Dickey & Lockman 1990). An additional absorption column to model absorp-
tion by atomic gas in the LMC was included, with a half-solar metallicity (Russell & Dopita
1992). Various abundance patterns were tried, such as scaling the solar values (by number, from
the table of Wilms et al. 2000) by a single fraction, fixing them at the abundances measured by
Russell & Dopita (1992), or leaving the abundances of oxygen and iron free to vary.
Purely thermal models adequately fit the soft spectrum, and the lack of harder emission (above
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1 keV) is confirmed by the spectral analysis. We list the best-fit parameters in Table 4. Plasma tem-
peratures found are kT ∼ 0.25 keV. The temperature andNHLMC are correlated: Equally acceptable
fits are allowed both for a lower temperature (0.22 keV) with higher NHLMC (1.2 × 10
21 cm−2) or
for a higher temperature of 0.28 keV and a more moderate absorption (0.3× 1021 cm−2). We take
that as an indication that the LMC-intrinsic absorption column is poorly constrained by the X-ray
data alone. The ionisation age (τ = net) is large (more than 10
12 s cm−3), suggesting that NIE
effects are small or negligible. We find no evidence for abundances markedly different from LMC
values, as the fits are consistent with a metallicity of 0.3–0.5. In particular, the only abundance
ratio to which we have access in our data (O/Fe) is consistent, within the uncertainties, with that
found in the LMC ISM. With the range of absorption column densities obtained from our spectral
fitting, we measure an absorption-corrected X-ray luminosity (0.2–5 keV) between 2.3×1035 erg s−1
and 2.8 × 1035 erg s−1. As Chu & Mac Low (1990) already found, this is one order of magnitude
more than expected from a bubble model.
3.3. Analysis of the pressure budget of N 70
At present, there are debates (Lopez et al. 2013; Silich & Tenorio-Tagle 2013, e.g.) on the
impact that radiation pressure provides on the dynamics of the gas around young stellar clusters.
Here, we estimate the pressure contributions by hot and warm gas and by dust-processed radiation.
The density of the X-ray phase can be derived from the spectral fits, using the Emission
Measure EM = nX,e nH f V , with the electron density nX,e ∼1.2 times the hydrogen density nH.
As for the volume V , we use a sphere of 50 pc radius. Given the morphology seen in X-ray it is likely
that this volume is an upper limit (and consequently the derived density is a lower limit). From
the result of the APEC model we have nH = 0.05 f
−1/2 cm−3. For the thermal pressure we take
an ideal gas law PX = 1.9 nX k TX (Lopez et al. 2013, Sect. 3.4) and then the estimated pressure
is 4.56 × 10−11 f−1/2 dyn cm−2 (where f is he filling factor for which we assume a value of 1). We
compare this to the values of other H ii regions in Lopez et al. (2013, Fig. 8 and Table 7) and find
that it aligns well with the rest of the LMC sample.
We also estimate the warm gas pressure using (Lopez et al. 2013, Sect. 3.3), as PH ii ∼ 2nH ii,e k TH ii
with TH ii=10 000 K. The electron density of the warm phase was estimated from spectroscopy
(Rosado et al. 1981) to be nH ii,e=2.5 cm
−3. We point out that nH ii,e is at least in the low
density limit of <100 cm−3. The nH ii,e could be better determined using the 3-cm emission as-
suming it is dominated by free-free emission. However, we emphasise that at least a fraction of
the flux is non-thermal and estimates could be misleading. Nevertheless, taking nH ii,e of 2.5–
100 cm−3, we estimate that PH ii ranges from 0.69 to 27.6×10
−11 dyn cm−2. Comparing with PX
of 4.56× 10−11 dyn cm−2, we find that the thermal pressure is slightly higher/lower than PH ii, as
found in (Lopez et al. 2013). As PX/PH ii is not <<1, we point that there is probably no significant
hot gas leakage.
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Stephens et al. (2014) estimated the infrared fluxes of N70. They found that the interstellar
radiation field (ISRF) of N70 has relatively little variation with an average of U=6.825 (where the
U is the dimensionless scale factor of energy density defined in Lopez et al. (2013, Sect. 3.2). This
translates in a dust-processed radiation pressure of PIR ∼ 0.2 × 10
−11 dyn cm−2. This result is
significantly smaller than any other H ii region analysed by Lopez et al. (2013, Table 7; Col. 3) as
the dust emission for N 70 is likely driven by the shell and not the central region as suggested in
Stephens et al. (2014).
Lopez et al. (2013, Sect. 3.1) implied that the direct radiation pressure (Pdir) is generally small
(more than an order of magnitude below PH ii or PX). We note that the output of the most massive
stars in N 70 would not significantly differ from other H ii regions in the LMC apart from 30 Dor.
4. Conclusion
We present a multi-frequency study of the LMC SB N70. With a diameter of 104 pc, N 70 is
one of the most prominent objects in the entire LMC. The morphology of N 70 in X-rays closely
follows that in radio and optical, with most X-ray emission confined within the bright shell. The
majority of the X-ray emission appears to be in the softest (0.3–0.7 keV) energy band. We do not
detect any harder non-thermal X-ray emission.
We estimate the radio spectral index of N 70 to be α=–0.12±0.06 which is typical for non-SNR
objects. However, we also detect limited polarisation with a maximum fractional polarisation of
9% in a small area of the north west limb indicative of an SN in the last 104 years (Chu & Mac Low
1990). We report an absorption-corrected X-ray luminosity (0.2–5 keV) between 2.3× 1035 erg s−1
and 2.8 × 1035 erg s−1. Finally, we examine the pressure output and find that the hot (PX) and
warm (PH ii) phase are consistent with other studied H ii regions while the dust-processed radiation
pressure (PIR) is significantly smaller than in any other object studied in Lopez et al. (2013).
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Fig. 1.— Left: ATCA observations of N 70 at 6 cm (5.5 GHz) overlaid with 20 cm (1.4 GHz)
contours at 3, 4, 5, 6 and 7σ (σ=0.85 mJy beam−1). The black circle in the lower left corner
represents the synthesised beamwidth (at 6 cm) of 39 ′′×25′′at PA=48◦. Right: ATCA observations
of N 70 at 20 cm (1.4 GHz) overlaid with 6 cm (5.5 GHz) contours. The contours are 3, 6, 9, 12,
15 and 18σ (σ = 0.12 mJy beam−1). The black circle in the lower left corner represents the
synthesised beamwidth (at 20 cm) of 40 ′′×40′′. The sidebars quantifies the pixel map and its units
are mJy beam−1.
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Fig. 2.— XMM-Newton X-ray (R = soft (0.3–0.7 keV), G = medium (0.7–1.1 keV), B = hard
1.1–4.2 keV)) image with 20 cm contour at 2.1 mJy beam−1.
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Fig. 3.— The giant SB complex N70 in the light of Hα (red), [S ii] (green) and [O iii] (blue); all
data from MCELS (see Sect. 2.4).
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Fig. 4.— MCELS optical images (Hα (left), [S ii] (middle), [O iii] (right)) of N 70 overlaid with
6-cm contours at 3, 6, 9, 12, 15 and 18σ (σ=0.12 mJy beam−1).
Fig. 5.— Radio-continuum spectrum of N70. The integrated flux densities at corresponding radio
frequencies are listed in Table 3.
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Fig. 6.— 6-cm (5.5 GHz) ATCA observations of N 70. The blue ellipse in the lower-left corner
represents the synthesised beam width of 39 ′′×25′′at PA=48◦. The length of the vectors represents
the fractional polarised intensity at each pixel position, and their orientations indicate the mean
PA of the electric field (averaged over the observing bandwidth, not corrected for any Faraday
rotation). The blue line below the beam ellipse represents the length of a polarisation vector of
100%. The sidebar quantifies the pixel map and its units are Jy beam−1. The maximum fractional
polarisation is 9%±1%. Contours at 3, 6, 9, 12, 15 and 18σ (σ = 0.12 mJy beam−1).
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Fig. 7.— EPIC-pn spectrum of N 70. Data extracted from the source region are shown by blue
data points, with the total (source+background) model as the solid black line. The red and blue
dash-dotted lines show the instrumental background model measured in the background and source
extraction regions, respectively. The X-ray plus instrumental background data and model are shown
by the red points and dashed line. The thick magenta line shows the source emission component.
The residuals are shown in terms of σ in the bottom panel, where blue and red points are for the
source and background spectra, respectively.
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.
Fig. 8.— N70 at 20 cm overlaid with the velocity-integrated intensity of the CO (10) line obtained
by Nanten (green) at 0.75, 1, 1.25 and 1.5 K km s−1 showing the association between the denser
environment and the emission from the SB. The blue circle indicates the measured extent of the
SB.
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Table 1: Summary of Australia Telescope Online Archive (ATOA) observations from project C634
used in imaging N70.
Date Scan time RA Dec Array Frequencies Bandwidth Number of
(minutes) (J2000) (J2000) (MHz) (MHz) Channels
2011-Nov-16 44.6 5h43m25.s00 –67◦50′57.′′20 EW367 5,500, 9,000 2048.0 2049
2011-Nov-15 24.5 5h43m25.s00 –67◦50′57.′′20 EW367 5,500, 9,000 2048.0 2049
1997-Oct-06 10.0 5h43m14.s46 –67◦51′23.′′75 375 4,790, 8,640 128.0 33
1997-Oct-05 10.0 5h43m14.s46 –67◦51′23.′′75 375 4,790, 8,640 128.0 33
1997-Oct-02 80.0 5h43m14.s46 –67◦51′23.′′75 375 4,800, 8,640 128.0 33
Table 2: Summary of ATOA observations from project C587 used in imaging N 70. All projects
were observed at a frequency of 1380 MHz and a bandwidth of 128 MHz across 33 channels. All
observations were centred at RA (J2000)=5h43m39.s10 Dec (J2000)=–67◦50′6.′′80.
Date Scan time Array
(minutes)
1997-Sep-04 138.3 1.5C
1997-Sep-03 34.0 1.5C
1997-Mar-31 20.8 1.5D
1997-Mar-27 37.0 1.5D
1997-Mar-26 175.0 1.5D
1997-Jan-08 2.3 750D
1997-Jan-07 126.9 750D
1997-Jan-06 98.2 750D
1997-Jan-05 143.8 750D
1996-Nov-28 129.3 750A
1996-Nov-27 112.3 750A
Table 3: Measured integrated flux density of N 70.
ν λ Telescope Beam Size STotal Reference
(MHz) (cm) (′′) (mJy)
408 73 Molonglo 174×204 500 Dopita et al. (1981)
843 36 MOST 43×43 256 This work
1400 21 ATCA 40×40 260 This work
1415 21 Fleurs S.T. 174×204 500 Dopita et al. (1981)
2300 13 Parkes 540×540 268 Filipovic´ et al. (1998a)
2450 12 Parkes 540×540 271 Filipovic´ et al. (1998a)
2650 11 Parkes 450×450 300 Dopita et al. (1981)
4750 6 Parkes 294×294 253 Filipovic´ et al. (1998a)
4850 6 Parkes/PMN 294×294 289 Filipovic´ et al. (1998a)
5000 6 Parkes 264×264 400 Dopita et al. (1981)
5500 6 ATCA 2.7×2.1 248 This work
8550 3 Parkes 162×162 283 Filipovic´ et al. (1998a)
9000 3 ATCA 2.7×2.1 234 This work
14500 2 Parkes 132×132 300 Dopita et al. (1981)
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Table 4: X-ray spectral results.
Model NH LMC kT τ EM
† O/H Fe/H χ2 / dof LX
‡
(1020 cm−2) (eV) (1012 s cm−3) (1058 cm−3) (1035 erg s−1)
apec 1.4 (< 5.4) 255±9 — 3.92+2.58−1.58 Z = 0.27
+0.10
−0.08Z⊙ 6140.0/5718 2.2
vapec 5.0+1.3−3.0 248
+16
−12 — 5.5±0.5 0.20
+0.05
−0.02 0.21
+0.04
−0.05 6145.1/5717 2.7
vpshock 0 256+18−6 47.5 (> 4.3) 2.34
+1.18
−0.35 0.46 0.63 6160.2/5719 1.8
Note. — All errors are given at the 90% confidence level. Parameters without errors were fixed in the fit.
†Emission measure
∫
nenHdV
‡Unabsorbed X-ray luminosity in the 0.2–5 keV range.
